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Experimental 

Crystal data 

[Zr3(C 14 H 2 oSi 2 )303] 
M, = 1055.10 
Monoclinic, P2Jn 
a = 8.5399 (7) A 
b = 26.667 (2) A 
c = 20.9072 (18) A 
B = 95.783 (1)° 

Data collection 

Bruker SMART CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2001) 
= 0.560, r mttx = 0.860 

Refinement 

R[F 2 > 2a(F 2 )] = 0.027 
wR(F 2 ) = 0.069 
S = 1.02 

11796 reflections 
499 parameters 



V = 4737.1 (7) A 3 
Z = 4 

Mo Ka radiation 
p. = 0.84 mm" 1 
T = 174 K 

0.81 x 0.19 x 0.18 mm 



126251 measured reflections 
11796 independent reflections 
10301 reflections with / > 2a(T) 
R iM = 0.047 



18 restraints 

H-atom parameters constrained 
A/tw = 0.60 e A~ 3 
Ap misl = -0.30 e A~ 3 



The title compound, [Zr 3 (C 14 H2oSi2)303], consists of three 
disila-bridged zirconocene units, which are connected via an 
oxide ligand, forming a nearly planar six-membered ring with 
a maximum displacement of 0.0191 (8) A. The compound was 
isolated as a by-product from a mixture of [(C 5 H 4 SiMe 2 )2- 
ZrCl 2 ] and Li[AlH 4 ] in Et z O. 

Related literature 

For analogous oxido complexes of zirconocene, see: Chiesi- 
Villa et al. (1979); Mikhailova et al. (1993). For an analogous 
oxido complex of hafnocene, see: Atwood et al. (1982). 

7-^>> 0 -v^ 



Data collection: SMART-NT (Bruker, 2007); cell refinement: 
SAINT-Plus-NT (Bruker, 2007); data reduction: SAINT-Plus-NT; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: ORTEP-3 (Farrugia, 1997); software used to 
prepare material for publication: SHELXL97. 

Financial support from the DFG is gratefully acknowl- 
egded. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2258). 
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Comment 



The zirconium and oxygen atoms of the title compound (Fig. 1) form a nearly planar six-membered ring with a maximal 
displacement of 0.0191 (8) A. This is comparable to the same conformation of the analagous oxo-zirconocene structures, 
reported on by (Chiesi-Villa et al, 1979) [(I), 0.030 A] and (Mikhailova et al, 1993) [(II), 0.023 A]. 

The Zr— O bond lengths range from 1.9650 (13) to 1.9728 (13) A and the Zr— O— Zr angles [141.73 (7)°, 142.00 (7)° 
and 142.22 (8)°] are assimilable to bond lengths and angles in the related oxo-zirconocenes (I) and (II). 

The dihedral angles between the cyclopentadienyl rings of each zirconocenophane unit are 52.44 (7), 53.23 (8) and 
54.58 (7)° and the Zr — Cp distances range from 2.2756 (9) to 2.2997 (9) A, both close to the values found for the afore- 
mentioned compounds. 

The structure of an analogous hafnocene oxo-complex has been reported on by (Atwood et al., 1982). 



LifAlHzJ (50.0 mg, 1.32 mmol, 5.40 eq.) was added to a solution of tetramethyldisilane-l,2-diyl-dicyclopentadienylzircono- 
cendichloride (100 mg, 0.25 mmol) in Et20 (5 ml) under stirring at 195 K. The reaction mixture was allowed to warm to 
room temperature. All volatiles were removed under reduced pressure. The residue was extracted with toluene (3*5 ml) 
and washed with cold hexane (3><1 ml). The title compound was obtained as a side product due to oxygen and/or moisture 
contamination. Colourless crystals suitable for X-ray analysis were grown from a toluene solution a 238 K. 

Refinement 

The H atoms were placed at idealized positions and treated as riding atoms: C-H = 0.98 and 1 .00 A for CH3 and CH H-atoms, 
respectively, with {7; S0 (H) = k x U eq (C), where k = 1.5 for CH3 H-atoms and k = 1.2 for all other H-atoms. 



Experimental 



Figures 




Fig. 1. The molecular structure of the title compound with displacement ellipsoids drawn at 
the 50% probability level. Hydrogen atoms have been omitted for clarity. 
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cyc/o-Tri-|j-oxido-tris{[(ti 5 ,ti 5 )-1 ,2-bis(cyclopentadienyl)- 1 ,1 ,2,2-tetramethyldisilane]zirconium(l V)} 



Crystal data 

[Zr3(C 14 H 2 oSi 2 )303] 
M r = 1055.10 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 8.5399 (7) A 
b = 26.667 (2) A 
c= 20.9072 (18) A 
(3 = 95.783 (1)° 

K= 4737.1 (7) A 3 
Z=4 



F(000) = 2160 

D x = 1.479 MgnT 3 

Mo i&x radiation, X = 0.71073 A 

Cell parameters from 775 1 reflections 

9 = 2.5-28.2° 

H = 0.84 mnT 1 
T= 174 K 
Block, colourless 
0.81 x 0.19x0.18 mm 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Radiation source: sealed tube 

graphite 

cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r min = 0.560, T max = 0.860 
126251 measured reflections 



1 1 796 independent reflections 

10301 reflections with / > 2a(I) 
R mt = 0.047 

9max ~~ 28.3°, Gmiri ~~ 1-5° 

a = 1 1 >i i 

k = -35^35 
/= -27^27 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > 2GCF 2 )] = 0.027 
wRiF 2 ) = 0.069 
S= 1.02 

11796 reflections 
499 parameters 
18 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[o 2 (F 2 ) + (0.032P) 2 + 3.33 IIP] 

where P = (F D 2 + 2F 2 )/3 



(A/0) n 

APmax 



x = 0.046 
= 0.60 e A" 



Ap m in = -0.30 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 






CI 


0.7213 (2) 


0.22238 (8) 


0.51654 


(11) 


0.0328 (5; 


H1A 


0.6603 


0.2539 


0.5066 




0.039* 


C2 


0.7067 (2) 


0.19067 (8) 


0.56930 


(10) 


0.0284 (4; 


H2A 


0.6329 


0.1961 


0.6029 




0.034* 


C3 


0.7954 (2) 


0.14646 (7) 


0.56227 


(10) 


0.0261 (4; 


C4 


0.8624 (2) 


0.15173 (8) 


0.50292 


(10) 


0.0299 (4; 


H4A 


0.9167 


0.1244 


0.4810 




0.036* 


C5 


0.8176 (3) 


0.19807 (9) 


0.47515 


(10) 


0.0342 (5; 


H5A 


0.8355 


0.2092 


0.4308 




0.041* 


C6 


1.1834 (2) 


0.14016 (7) 


0.61006 


(10) 


0.0282 (4; 


C7 


1.2177 (2) 


0.15608 (8) 


0.54777 


(11) 


0.0317 (4; 


H7A 


1.2087 


0.1345 


0.5084 




0.038* 


C8 


1.2856 (2) 


0.20391 (8) 


0.55204 


(12) 


0.0337 (5; 


H8A 


1.3357 


0.2214 


0.5170 




0.040* 


C9 


1.2957 (2) 


0.21886 (8) 


0.61711 


(11) 


0.0315 (4; 


H9A 


1.3551 


0.2486 


0.6359 




0.038* 


CIO 


1.2351 (2) 


0.17991 (8) 


0.65234 


(10) 


0.0287 (4; 


H10A 


1.2421 


0.1782 


0.7003 




0.034* 


Cll 


0.7759 (3) 


0.41182 (8) 


0.54850 


(11) 


0.0327 (5; 


H11A 


0.7300 


0.4315 


0.5828 




0.039* 


C12 


0.7283 (2) 


0.36354 (9) 


0.52729 


(11) 


0.0320 (5; 


H12A 


0.6427 


0.3433 


0.5441 




0.038* 


C13 


0.8012(2) 


0.35271 (8) 


0.47164 


(10) 


0.0297 (4; 


H13A 


0.7761 


0.3233 


0.4428 




0.036* 


C14 


0.8978 (2) 


0.39380 (8) 


0.45760 


(10) 


0.0277 (4; 


C15 


0.8801 (3) 


0.43033 (8) 


0.50643 


(10) 


0.0305 (4; 


H15A 


0.9204 


0.4655 


0.5062 




0.037* 


C16 


1.3216(2) 


0.34470 (8) 


0.55898 


(10) 


0.0285 (4; 


H16A 


1.3731 


0.3129 


0.5467 




0.034* 


C17 


1.2791 (2) 


0.38501 (8) 


0.51635 


(10) 


0.0284 (4; 


C18 


1.2374 (2) 


0.42519 (8) 


0.55611 


(11) 


0.0319(4; 


H18A 


1.2150 


0.4603 


0.5412 




0.038* 


C19 


1.2514(2) 


0.40956 (8) 


0.62041 


(11) 


0.0324 (4; 


H19A 


1.2441 


0.4317 


0.6586 




0.039* 


C20 


1.3033 (2) 


0.35943 (8) 


0.62218 


(10) 


0.0299 (4; 


H20A 


1.3414 


0.3403 


0.6619 




0.036* 


C21 


0.6492 (2) 


0.33987 (8) 


0.68829 


(10) 


0.0262 (4; 


H21A 


0.6292 


0.3695 


0.6594 




0.031* 
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Atomic displacement parameters 


(A 2 ) 












U n 


u 22 


t/ 33 


U 12 




U 2i 
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0.0036 (9) 


C2 
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C3 
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0.0271 (10) 


-0.0041 (7) 


-0.0001 (7) 


-0.0026 (8) 


C4 
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C5 
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C6 
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0.0264 (10) 
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-0.0021 (8) 


-0.0025 (8) 


C7 
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C8 
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0.0011 (8) 
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0.0110 (9) 


0.0016(8) 


0.0044 (9) 


C12 


0.0178 (9) 
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0.0263 (10) 
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-0.0007 (7) 
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0.0215 (9) 
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-0.0045 (8) 


0.0035 (8) 


0.0037 (8) 
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Geometric parameters (A, °) 



CI— C2 
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C25— H25A 
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CI— C5 
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C26— C30 
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C42 — 312 


1 o/;c /i\ 
1.S05 (3) 


ciz — Zrz 


2.5yi (2) 


p/n tjita 
C42 — H42A 


n nonn 

u.ysuu 


pi o it n * 
CIZ — H1ZA 


l.UUUU 


A"i UinD 

C42 — H42B 


n nonn 

u.ysuu 


p 1 1 pi /i 
C13 — C14 


1 /i on fi\ 
1.42U (3 ) 


P/n u/np 
C42 — rl42C 


n nonn 

u.ysuu 


pi Q T-O 

C 1 3 — Zrz 


1 cm 
2.5yi (2) 


p/t 1 c ; 1 
C41 — Sll 


1.0/1 (3) 


P 1 1 I1 1 1 A 

C13 — H13A 


l.UUUU 


P/1 1 1 A 

C41 — H41A 


n nonn 

u.ysuu 


P 1 /l PK 

C14 — CI j 


1 /i m /i \ 
1.43U (3) 


P/t 1 \J A 1 13 

C41 — H41B 


n nonn 

u.ysuu 


pi a c;i 
C14 — bl3 


1 o~7n 
1.6 /U (2) 


P/t 1 U/t 1 P 

C41 — H41C 


n nonn 

u.ysuu 


pi 4 v^o 

C14 — Zrz 


t cn/:n /■ 1 n\ 

2.5you (iy) 


pel cii 
C51 — 310 


1 o/:~7 /i\ 
1.80/ (3) 


pi f v„o 

ci j — Zrz 


1 c on { 1 n\ 

2.552 / (iy) 


pe 1 ue 1 a 
C51 — H51A 


n nonn 

u.ysuu 


pi f UK A 

CI J — rll jA 


1 nnnn 
l.UUUU 


pe 1 ue 1 r> 
C51 — H51B 


n nonn 

u.ysuu 


Pir PTPi 

CIO — czu 


1.4U2 (J j 


pe 1 ue 1 p 
C51 — H51C 


n oonn 

u.ysuu 


pi/T PH 

Clo — CI / 


1 /i in /i \ 
1.42U (J) 


p/t e c ;i 
C45 — Sl3 


1 o/:n 
l.Soy (2) 


p 1 Z 

Clo — Zrz 


1 c c"70 f 1 n\ 

2.55 /8 (iy) 


p/t e \j a e a 
C45 — H45A 


n nonn 

u.ysuu 


pi /: TJ1 £ A 

Clo — rll OA 


1 nnnn 
l.UUUU 


P/t e \J A CD 

C45 — H45B 


n nonn 

u.ysuu 


P 1 *7 p 1 o 

CI / — Clo 


1 /IT1 f1\ 

1.423 (3) 


P/t C U/t CP 

C45 — H45C 


n nonn 

u.ysuu 


P 1 *7 C A 

CI / — bl4 


1 O/il 

1.603 (2) 


P/t 1 T 

C43 — 312 


1 0"7"7 

1.87/ (2) 


Ci / — Zrz 


2.5y/ (2) 


P/t 1 U/t 1 A 

C43 — H43A 


n nonn 

u.ysuu 


C18— C19 


1.401 (3) 


C43— H43B 


0.9800 


C18— Zr2 


2.603 (2) 


C43— H43C 


0.9800 


C18— H18A 


1.0000 


C46— Si4 


1.868 (3) 


C19— C20 


1.408 (3) 


C46— H46A 


0.9800 


C19— Zr2 


2.581 (2) 


C46— H46B 


0.9800 


C19— H19A 


1.0000 


C46— H46C 


0.9800 
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Pin 7„o 
CZU — ZrZ 


o c a o 1 /■ 1 a \ 

Z.Mol (iy) 


P/1 O" C '. A 

C4 / — 014 


1 0*7T f1\ 
l.O /Z (3) 


non inn a 
CZU — hlZUA 


1 nnAn 
l.UUUU 


P /| -7 I I , 1 -7 A 

C4 / — H4 / A 


u.youu 


CZ1 — CZj 


1 /im 

1 .40 J (3) 


p y| -7 U/1TD 

C4 / — H4 Id 


u.ysuu 


pi i poo 

CZ1 — czz 


1 /I 1 Q 

1.41V (3 J 


C AH 1 11 "7P 

C4 / — hl4 /C 


pi Qoriri 

u.ysuu 


PO 1 7— Q 

CZ1 — Zr3 


o c c*7 1 /i a\ 
Z.JJ/1 (IV) 


p/ia Oic 
C4V — OIJ 


1 0*7C S1\ 

1 .0 /j (3) 


pi i in i a 
CZ1 — HZ1A 


l.UUUU 


p /I C\ I I 1 p. A 

C4y — hl4yA 


u.youu 


POO PT1 

CZZ — CZ3 


1.4Z0 (3) 


C4y — hl4yr> 


p« nonri 

u.youu 


poo c;^ 
CZZ — 01 J 


1 o^a 
l.oOO (Z J 


p/l 0 1 11 dp 
C4y — hi4yc 


pi Qoriri 

u.ysuu 


POO 7-0 

CZZ — Zr3 


o c oon ( 1 a \ 

Z.joyU (iy) 


p/i 0 c ; c 
C4o — blJ 


1 0*7 /i 
1 .0 /o (3) 


PO^ PO A 

CZ3 — CZ4 


1 /i no 
1.4UZ (3) 


P/1 O I I 1 O A 

C4o — hl4oA 


u.youu 






VHO 1 1 T" O I _> 


0 QRnn 
U.70UU 


C23 — H23A 


1.0000 


C48 — H48C 


0.9800 


C24 — C25 


1.411 (3) 


Sil — Si2 


2.3440 (9) 


C24 — Zr3 


2.580 (2) 


Si3 — Si4 


2.3474 (9) 


C24 — H24A 


1.0000 


Si5 — Si6 


2.3469 (9) 


C25 — Zr3 


2.547 (2) 






PO P1 PC 

CZ — CI — Cj 


io /.yo (iy) 


TU/IOA P/IO T_J A AD 

hl4yA — C4y — hl4yr> 


1 nn c 

luy.j 


PO P1 7—1 

CZ — CI — Zrl 


/3.6/ (12) 


c;c p/in 1 iku ■ 

blj — C4y — hi4yc 


1 AO C 

luy.j 


PC pi v.. 1 

CD — CI — Zrl 


/4.01 (12) 


u/in a P/in u/inp 

hl4yA — C4y — hi4yc 


1 nn c 

luy.j 


PO P1 III A 

CZ — C 1 — rl 1 A 


125. / 


1 1 1 ni) p/in Tj/iPiP 
hl4yr> — C4y — hl4yC 


1 AO C 

luy.j 


PC pi I I 1 A 

CD — CI — rilA 


125. / 


CiC P/| O TT/1 O A 

Mj — C4o — ht4oA 


1 AO C 

iuy.3 


7—1 P 1 I I l A 

Zrl — Cl — hllA 


1 1 C "7 

125. / 


CiC P/| O TT/1 OO 

blD — C4o — hl4ol3 


1 AA C 

iuy.3 


p 1 pi pQ 

Cl — CZ — C3 


loy.is (iy) 


Tj/ioA p/io 1 1 1 0 1 > 
hl4 0 A — C 4 0 — hl4 or> 


1 AA C 

luy.j 


p 1 PT 7—1 

Cl — CZ — Zrl 


"7c n/; { i "»\ 
/5.0b (12) 


c;c p/i 0 t_j/iop 
blJ — C4o — hl4oC 


1 AA C 

luy.j 


pi pi v„ l 

C3 — CZ — Zrl 


"71 no /i i \ 
/i.Oy (11) 


T_T/1 O A P/IO T_T/1 OP 

hl4 0 A — C 4 0 — hl4 oC 


1 AA C 

luy.j 


p 1 PO TJO A 

C 1 — CZ — hlZ A 


n? 1 
125.1 


I 1 1 00 P/1 O T_T/1 OP 

hl4or> — C4o — hl4oC 


1 AA C 

iuy.3 


PI pi MO A 

C3 — CZ — rlZA 


lZJ.1 


pi c;i p/i pi 
C3 — oil — C4U 


1 1 a 1 a nnA 
1 1U.3U (1UJ 


7-1 PO no a 
Zrl — CZ — hlZA 


n? i 
125.1 


pi c ; 1 p/i 1 
C3 — 0 1 1 — C4 1 


1 AO 1 Q PI 1 \ 

lUo.13 (11) 


PO pi p/1 

CZ — C3 — C4 


luj.yu (is) 


p /i pi c ; 1 p/i 1 
C4U — bll — C41 


1 AO Ol ( 1 A\ 

lUy .Z3 (14j 


po pi c;i 
CZ — Co — oil 


1 ">£ on ^1 /:\ 

izo.yy (io) 


pq c;i c;o 
C3 — oil — OlZ 


1 (YX 1/i 

1U3.30 {/) 


p/i po c;i 
C4 — C3 — oil 


1 T7 11 (\ &\ 

12 /.ll (10) 


p/ipi c;i c;o 
C4U — oil — 01Z 


11/1 1 H (Ck\ 

114.1 / (y) 


PO PI 7-1 

CZ — C3 — Zrl 


"7c in /i u 
/5.10 (11) 


p/i 1 c ; 1 c ;o 
C41 — oil — olZ 


111 T7 /1 A\ 
111.3/ (1U) 


p /I pQ 7—1 

C4 — C3 — Zrl 


"71 m /i i \ 
ti.yl (11) 


p/it c ;t p^ 
C4Z — OlZ — Co 


1 AO 11 ( 1 1 \ 

1U5.31 (11) 


c; 1 pi 7-1 
Oil — C3 — Zrl 


ii o.oi (y) 


P/IO OiO P/IO 

C4Z — OlZ — C43 


111 /IO /"I T\ 

111.43 (13) 


PC p /I PQ 

CD — C4 — C3 


1 An n / 1 n\ 

ioy. 33 (iy) 


p^ c ;t p a 1 
Co — OlZ — C43 


1 A*7 T/i /I 1 \ 

1U /.Zo (11) 


PC p /I 7 — 1 

C j — C4 — Zr 1 


"7£ £fl /I ">\ 

/5.oy (12) 


p/i 0 c ;t c ; 1 
C4Z — O lZ — 0 1 1 


111 OA ^1 A\ 

lii.oy (iu) 


PI P/1 7-1 

C3 — C4 — Zrl 


"71 fll 1 1 1 \ 

/3.y3 (ii) 


p/i c ;o c ; 1 
Co — 01Z — oil 


1 A^ AA /'*7\ 

lUj.yu ( /) 


PC P/1 I I/i A 

Cj — C4 — rl4A 


1 ">/1 Q 

iz4. y 


p/iQ c;o c;i 
C43 — 01Z — oil 


111 n 1 ro\ 

1 1 1 . / 1 (y ) 


pi p A I I | A 

C3 — C4 — hl4A 


1 "> a n 
124. y 


p/ic c;i pi/i 
C4D — 013 — C 1 4 


1 A*7 TC p| 1 \ 

IU/.Zj (11) 


7—1 p /I I I | A 

Zrl — C4 — hl4A 


1 "> a n 
124. y 


p/ic c;i p/i/i 
C4D — 013 — C44 


1 1 A CC\ ^1 T\ 

nu.oy (iz) 


p /| pc pi 

C4 — C J — C 1 


1 n"7 /;"> / 1 n\ 
10 /.62 (iy) 


pi /i c;i p/i/i 
C14 — Ol3 — C44 


1 AO Q a n 1 \ 

1U5.3U (11) 


P/| pc 7_1 

C4 — Cj — Zrl 


"7"> m /1 ">\ 
/2.yi (12) 


p/ic c ;i c ; a 
C4j — 013 — 014 


111 CT /1 A\ 

lll.jZ (1U) 


p 1 PC 7—1 

Cl — Cj — Zrl 


n a /;"7 / 1 ">\ 
/4.D/ (12) 


p 1 /i c ;i c ; a 
C14 — 013 — 014 


1 A/i O C /*7\ 

IUo.oj (/) 


P/1 PC T TC A 

C4 — C 5 — H 5 A 


125.8 


P/1/1 C^O C^/1 

C44 — Si3 — Si4 


111 AA /A\ 

111.99 (9) 


Cl— C5— H5A 


125.8 


C17— Si4— C46 


109.92 (13) 


Zrl— C5— H5A 


125.8 


C17— Si4— C47 


107.67 (12) 


CIO— C6— C7 


105.43 (19) 


C46— Si4— C47 


110.44(17) 


CIO— C6— Si2 


127.80 (17) 


C17— Si4— Si3 


104.54 (7) 


C7— C6— Si2 


126.76 (16) 


C46— Si4— Si3 


114.26(11) 
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Pin ( ~ f-. ~7 1 
CIU — Co — Zrl 


"7"> n/; /i i \ 
/i.yo (11) 


f^H ( ' ^ 7— 1 

C/ — Co — Zrl 


/3.56 (12) 


biz — Co — Zrl 


ny.i / (y) 


PQ p-7 

Co — C / — Co 


inn el / 1 n\ 

iuy.53 (iy) 


Z" 1 © f^H 7—1 

Co — C / — Zrl 


"71 CI i 1 ">\ 

/3.51 (12) 


p/. p-7 "7,- 1 

Co — C / — Zrl 


"7/1 C"7 /■ 1 1 \ 
/4.5 /(ll) 


pg p-7 i i "7 a 

Co — C / — H / A 


1 ">C A 

125. U 


p/1 p-7 T_T-7 A 

Co — C / — hi /A 


125.U 


Zrl — C / — rl /A 


1 "> c n 
125. U 


c / — Co — cy 


1 A"7 /; /">\ 

1U 1.0 (2) 


p-7 po 7,.i 

C/ — Co — Zrl 


~7c m /1 o\ 
/5.U/ (12) 


ppi po 7—1 

Cv — Co — Zrl 


"71 1 1 / 1 ">\ 

/3.33 (12) 


C / — Co — Ho A 


1 "> C "7 

125. / 


PO po no A 

CV — C o — rl o A 


125. / 


7-1 f^Q I III A 

Zrl — Co — Ho A 


1 "» C "7 

125. / 


pin pn p o 

c i u — cy — Co 


1 a "7 pn n n\ 

iu /.ay (iy) 


Pin C' a 7—1 

ciu — cy — Zrl 


"7C a i /"1 ">\ 
/5.U1 (12) 


PO Pfl 7-1 

Co — cy — Zrl 


"7/1 "7C i 1 ">\ 

/4. /5 (12) 


Pin pn i m a 

c i u — cy — Hy a 


1 "> c c 

125.5 


po pn i m a 

Co — cy — HyA 


1 "> c c 

125.5 


7—1 po i in a 

zri — cy — HyA 


1 "> c c 

125.5 


pn pin p/; 

cy — ciu — Co 


1 nn c /">\ 
lUy.5 (2) 


pn p i n 7,-1 

cy — ciu — zri 


"71 1") /I T\ 

li.iL (12) 


p/1 pm 7-1 

Co — CIU — Zrl 


"7C "M /I 1 \ 

/5.24 (11) 


pn p 1 pi tt 1 f\ A 

cy — C 1 U — H 1 UA 


1 "> C A 

125. U 


p/: p 1 n tt 1 n a 
Co — C 1 U — H 1 UA 


1 "> C A 

125.U 


7—1 pin T_J1 n. A 

Zrl — CIU — H1UA 


1 "> C A 

125. U 


pi r p i i p i -> 
CI J — CI 1 — Clz 


1U /.5 (2) 


PI r P 1 1 7— 1 

CI j — CI 1 — ZrZ 


"71 /;"7 / 1 ">\ 
/3.6/ (12) 


pn p 1 1 7-o 
C 1 Z — C 1 1 — Zrz 


"71 Q/r /I ")\ 

li.yO (12) 


PK p 1 1 ui 1 A 

Co — CI 1 — HI 1A 


1 "> C "7 

125. / 


pn P11 TT11A 

Clz — CI 1 — HI 1A 


1 "> C "7 

125. / 


7-1 P 1 1 TT 1 1 A 

ZrZ — CI 1 — HI 1A 


1 "> C "7 

125. / 


ph pn P11 

C 1 3 — C 1 z — C 1 1 


■ no 11 /1 n\. 

iu6.ii (iy) 


pi i pn 7-1 
CI 3 — Clz — Zrz 


"7/1 1 £. /I ">\ 

/4.36 (12) 


pi i pn 7-1 

c 1 1 — c i z — zrz 


"7/1 CC 1 ">\ 

/4.55 (12) 


pi i pn un a 
C 1 3 — C 1 Z — H 1 Z A 


1 "> c c 

125.5 


pi i pn un a 
CI 1 — Clz — H1ZA 


1 "> c c 

125.5 


7-1 P 1 1 TT n A 

ZrZ — C 1 Z — H 1 Z A 


1 "> c c 

125.5 


pn pn pi /i 

Clz — C13 — C14 


1 An 1 /; { 1 n\ 

luy.io (iy) 


p 1 1 pn 7-o 
Clz — C13 — ZrZ 


"7/1 "> 1 /"1 ">\ 

/4.21 (12) 


p 1 /l P 1 1 7— 1 

C14 — CI 3 — ZrZ 


"7/1 ">1 /I 1 \ 

/4.23 (11) 


pn pn un a 
Clz — CI 3 — H13A 


1 "> C 1 

125.1 


pi/i pn un a 
C14 — C13 — H13A 


125.1 


Zr2— CI 3— H13A 


125.1 


C13— C14— C15 


105.79 (18) 


CI 3— CI 4— Si3 


126.71 (16) 


C15— C14— Si3 


127.46 (16) 


C13— C14— Zr2 


74.00(11) 



C4/ — bl4 — bl3 


luy.o / (ii) 


poo o;e p /i n 

czz — bo — C4y 


1 no A1 ( 1 o\ 
lUo.Ul (1Z) 


pii c;e p /i o 
CzZ — bl3 — C4o 


1 n*7 1 e n 1 \ 
lU/.lJ (11) 


p /i n o ; e p/1 o 
C4y — bl3 — C4o 


i m oo /"1 c\ 
llU.oo (1 j) 


P11 CiC Oi£ 

CzZ — bo — bio 


1 A/i f\H /"7\ 

lUo.U / ( /) 


C4y — blJ — blO 


nz.yi (iu) 


C4o — blj — blO 


111 An (\ i ^ 
1 1 1.4 / (11) 


pen c^/C p^ c 1 

CjU — blO — Cj 1 


1 1 1 m ^1 ^^ 
1 1 l.UZ (1 j) 


pen Ci<C pin 

CjU — bio — Czy 


1 nn /;-7 pi i \ 

luy.o / (11) 


pei c;/: pm 
Cj 1 — blO — CZy 


1 a/; m / 1 1 \ 

luo.yz (ii) 


pen c:£ cie 
CjU — bio — biJ 


110 1/^/1 n\ 
113.10 (1U) 


CM — bio — biJ 


1 ah ei /■ 1 A\ 
!Uy.j3 (1U) 


Czy — bio — blJ 


IUo.Zj ( /) 


( \ l 7—1 p,"> 

Ol — Zrl — Kjl 


fl*7 C\£. {£\ 

y /.yo (o) 


p. 1 7„i pn 

Ul — Zrl — cy 


or r\"y 
OO.yZ (0) 


po 7—1 p n 

Oz — ^Zrl — cy 


yi.3J (/) 


p 1 v.. l p /I 

Ol — Zrl — C4 


1 1 e n 1 

iij.yi (0) 


p.-v v„ l p /i 

Oz — ^Zrl — C4 


1 ->o on 

izo.oy (0) 


pn 7„i p/i 

cy — Zrl — C4 


1 0^ 

IZj.OU ( /) 


( \ l 7—1 PI 

<J1 — ^Zrl — C3 


13J.0 / (0) 


( \~) 7„1 pi 

UZ — Zrl — C3 


an 1 1 f£\ 

y /. 1 1 (0) 


pn 7,- 1 po 

cy — Zrl — C3 


134. Uj ( /) 


P/i 7,.i po 

C4 — Zrl — C3 


n 1 e \ 

3Z. 1j (0) 


( \ l 7—1 PO 

<J1 — ^Zrl — Co 


o3.1o (o) 


p.-> 7—1 PO 

Oz — Zrl — Co 


1 n i o /*7\ 
1Z3.Z0 ( /) 


po 7-1 po 
Cy — Zrl — Co 


3i.y3 (/) 


p A 7—1 PO 

C4 — Zrl — Co 


no m /"7\ 

yo.yz (/) 


( '"1 7—1 PO 

C3 — Zrl — Co 


121.11 (/) 


r\ 1 7—1 pm 
<J1 — Zrl — CIU 


i n 

11 /.3z (o) 


pp rj _i pin 

Oz — ^Zrl — CIU 


*7n m 
/y.Ul (0) 


pn 7-1 pin 

cy — Zrl — CIU 


31.00 (/) 


p a 7,_ i pin 

C4 — Zrl — CIU 


111 no /*7\ 

nz.yo (/) 


p -} -7„l pin 

C3 — Zrl — CIU 


1 n£ i n 

iuo.3y (0) 


po "7,. | p i p, 

Co — Zrl — CIU 


lO f~l\ 

jZ.3o (/) 


p 1 7—1 P*7 

Ol — Zrl — C / 


1 1 n en 

1 IU.jU (o) 


pp "7,- 1 p-7 

UZ — Zrl — C / 


1 in to 
13U.Z0 (0 ) 


pn 7-1 p-7 

cy — Zrl — c / 


ci -)~! C~!\ 

jZ.Z 1 (/) 


P/1 7„i p-7 

C4 — Zrl — C / 


/3.34 (/) 


{ • ~) 7—1 P*7 

C3 — Zrl — C / 


nn 1 1 i"7\ 

yu.n (/) 


p o 7—1 P*7 

Co — Zrl — C / 


31.4Z (/) 


Pin 7-1 p-7 
CIU — Zrl — C/ 


e 1 m /"7\ 

ji.y/ (/) 


/^1 7—1 p ■) 

Ol — ^Zrl — Cz 


111 A1 

1 1 1.43 (o) 


p,~> 7—1 PT 

<Jz — ^Zrl — Cz 


o 1 1 e 

5 1.13 (0) 


pn 7—1 p-> 

Cy — Zrl — Cz 


1 /in on sh\ 

160.8y (7) 


C4— Zrl— C2 


52.03 (7) 


C3— Zrl— C2 


31.81 (6) 


C8— Zrl— C2 


150.67 (7) 


CIO— Zrl— C2 


129.21 (7) 


CI— Zrl— C2 


121.27 (7) 
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PK /~i 1 A 7-.0 

C13 — C14 — ZrZ 


77 AC i \ 1 \ 

/3.4o (11) 


c ; i z" 1 1 a 7-0 
!M3 — CI 4 — ZrZ 


1 in n /a\ 

ny.34 (y) 


CI 1 — CI J — C14 


1 no n /1 n\ 
lUy.12 (IV) 


CI 1 — CI j — ZrZ 


7/1 Ql /1 7\ 

/4.y3 (12) 


A P 1 c 7-0 

C14 — CI J — ZrZ 


7/1 /I Q /I 1 \ 

/4.48 (11) 


Pi i pir UK A 

CI 1 — CI j — H13A 


nc fi 
125. U 


pi 1 /] PIC UKA 

C 1 4 — C 1 J — H 1 j A 


125.0 


7„0 PIC T_T 1 C A 

ZrZ — C 1 J — rl 1 j A 


125.0 


Pin p i p i *7 
CzU — C 1 o — C 1 / 


inn /i 0 / 1 a\ 

iuy.45 (iy) 


Pin p i 7,-1 

CzU — C 1 o — Zrz 


77 /;o / 1 1 \ 
/3.08 (11) 


P i -7 p i /: 7,-1 

CI / — Clo — Zrz 


7C CO /"1 1 \ 

13.52 (11) 


PIH p 1 TT 1 C A 

CzU — C 1 0 — H 1 oA 


124. y 


P 1 -7 P1/T TT1 £ A 

C 1 / — C 1 0 — H 1 oA 


124. y 


7,-1 pi /, TT 1 £ A 

ZrZ — C 1 0 — rl 1 0 A 


1 7/1 n 
124. y 


p 1 /: p 1 -7 p 1 0 

Clo — CI / — Clo 


iuj.40 (iy) 


pi / p 1 -7 c ; /i 
Clo — CI / — bl4 


m "> 0 / 1 7\ 
12 /.2» (1 /) 


pio pi*7 c;/i 
Clo — CI / — bl4 


12 / .20 (lo) 


pi / p| n 7—0 

Clo — ci / — Zrz 


77 C 1 /I 1 \ 

/2.M (11) 


pio pn 7-0 

Clo — Ci / — Zrz 


"7/1 77/1 7\ 
/4.3 / (12) 


Ci A pn 7,-1 

bl4 — CI / — ZrZ 


110 "7/; 
118. /O (y) 


Pin pi 0 pn 

ciy — cio — ci / 


1 An / 1 a\ 

ioy.53 (iy) 


Pin pio 7-0 

ciy — cio — zrz 


77 A A /1 7\ 

/3.44 (12) 


pi n pio 7f 0 

ci / — cio — zrz 


"71 C£ f 1 1 ~\ 
/3.50 (11) 


Pin pi 0 TT 1 0 a 
Cly — Clo — HloA 


1 7 C A 

125.0 


p 1 -7 Pio ni O A 

CI / — Clo — HloA 


1 7 C A 

125.0 


7„0 p| 0 TT 1 O A 

ZrZ — C 1 0 — H 1 0 A 


1 7 C A 

125.0 


pi 0 pm pm 
C 1 0 — C 1 y — CzU 


1 A"7 "7 /7\ 
10 /. / (2) 


pi 0 p 1 n 7.-1 

Clo — Cly — Zrz 


7C ">A / 1 7\ 

/5.20 (12) 


p 1 1\ p 1 n 7-0 
CZU — C 1 y — zrz 


"7"> "7n ^1 7\ 
/2. /y (12) 


P| O p 1 Q TT 1 Q A 

C 1 0 — C 1 y — H 1 y A 


1 ">c 0 
123.6 


pm pm TT 1 n a 
CzU — C 1 y — H 1 y A 


1 7 c 0 
125.5 


7,-1 pin T_r 1 n a 

ZrZ — c 1 y — H 1 y A 


1 7 c 0 
125.6 


pi / pm pm 

c 1 0 — czu — c 1 y 


1 A"7 o"> 1 1 n\ 

1U /.82 (iy) 


pi £ pm wo 

c 1 0 — czu — zrz 


7/1 /i a ( \ 1 ~\ 
/4.44 (11) 


Pin pm 7 ..1 

ciy — czu — zrz 


7c 7 /: 7\ 
/5.3o (12) 


pi /, pm uon a 
Clo — CZU — HZUA 


125.5 


p 1 n pm T_rin a 
c 1 y — CzU — HZUA 


125.5 


7„o pm T_rin a 
ZrZ — CzU — HZUA 


1 7 c c 
125.5 


PIC PI 1 Pll 

Cz 3 — Cz 1 — CzZ 


1 AA 1/1 /"1 Q\ 

iuy.14 (is) 


PIC Pll 7— 1 

Cz3 — Czl — Zri 


71 /;i /1 1 \ 
/3.03 (11) 


Pll pi 1 7-1 

CzZ — Czl — Zri 


7C 7/1 /I 1 \ 

/5.24 (11) 


PI c pi 1 nil a 

Cz3 — Czl — HZ1A 


17c 1 
125.1 


pi 1 pii mi a 
CzZ — Czl — HZ1A 


17c 1 
125.1 


7..") PI 1 TT1 1 A 

Zr3 — Czl — HZ1A 


125.1 


C21— C22— C23 


105.90 (18) 


C21— C22— Si5 


125.24 (15) 


C23— C22— Si5 


128.86 (16) 


C21— C22— Zr3 


72.76 (11) 


C23— C22— Zr3 


74.28 (11) 



p. 1 v„i pc 

Ol — Zrl — Cj 


Q/Z T/i 

00. Zo (0) 


Ptl -7,. 1 pc 

<Jz — ^Zrl — Cj 


1 in r\A /'*7\ 
1 3U.U4 ( /) 


pn 7-1 pc 
cy — Zrl — Cj 


1 1Q (Q\ 

13o.oU (0 ) 


p/i "7,- 1 pc 

C4 — Zrl — Cj 


11 /in 
3 1.4U {/) 


pi 7—1 PC 

C3 — Zrl — Cj 


jZ.oo (/) 


P Q ~7 ,~ 1 PC 

Co — Zrl — Cj 


1 A/i /iO fQ\ 

IU0.00 (0 ) 


pm 7^1 z' • 
C1U — Zrl — Cj 


1/11 H(\ (H\ 

141 . /U ( 1) 


p-7 7„i pc 

C / — Zrl — Cj 


flO *7C /'*7\ 

yZ. 


pi 7.-1 PC 

Cz — Zrl — Cj 


C 1 OO /"7\ 

jl.oo (/) 


( \ 1 7.-1 p^ 
Ol — Zrl — Co 


1 1 C CO f£\ 

13j.jo (0) 


Pil 7_.1 p /; 

Oz — ^Zrl — Co 


1 nn ri/i //i\ 

iuu.y4 (0) 


pn 7^1 p^ 

cy — Zrl — Co 


ci ni 
J3.U1 (/) 


p A 7—1 P/i 

C4 — Zrl — Co 


0 1 on /"7\ 

oi.zy (/) 


pi 7—1 P/i 

C3 — Zrl — Co 


ol.Uo (/) 


po 7..1 p/: 

Co — Zrl — Co 


co no tn\ 
JZ.yZ yl) 


Pin 7-1 p/c 
C 1U — Zrl — Co 


31.0U (0) 


p-7 -7 ,. 1 p/: 

C/ — Zrl — Co 


11 OC /"7\ 

31. OJ (/) 


PI 7^1 p /; 

Cz — Zrl — Co 


1 1 n nn fi\ 

nu.yy (/) 


PC 7,-1 p/C 

Cj — Zrl — Co 


1 1 n oo 

1 iu.zy {/) 


( \ 1 7—1 pi 

Ol — ^Zrl — CI 


Ol OA //C\ 

o3.o4 (0) 


p.-) 7„1 p| 

UZ — ^Zrl — Cl 


nn 1 1 ch\ 

yy.31 { 1) 


po "7,. 1 pi 

cy — Zrl — Cl 


1 £L£L HA (H\ 

loo. /4 ( /) 


p/i 7..1 pi 

C4 — Zrl — Cl 


C 1 QO (H\ 
31. 0/ \l) 


pi 7—1 pi 

Ci — Zrl — Cl 


CO /il //i\ 

3Z.o3 (0) 


p Q 7—1 pi 

Co — Zrl — Cl 


1 HA (Q\ 

13o. /4 (0) 


Pin 7-1 p 1 
C1U — Zrl — Cl 


1 CO O/l /"7\ 

13o.o4 ( /) 


p-7 7—1 pi 

C / — Zrl — Cl 


1 00 n 1 (h\ 
IZZ.yl {/) 


p -) 7—1 pi 

Cz — Zrl — Cl 


11 OO SH\ 

5Y.ll {/) 


PC 7—1 pi 

Cj — Zrl — Cl 


11 1 0 /o\ 
31. 3Z (/) 


p /: -7 1 pi 

Co — Zrl — Cl 


1 "5 1 Ol /0\ 

131.Z3 ( /) 


r\i 7— 0 p. 1 
U3 — ^ZrZ — (J 1 


no hc (ti\ 
y /. /O (0) 


p,i 7-1 pm 
<J3 — ^ZrZ — CzU 


00 on (c\ 
0Z.0U (0) 


p. 1 7-1 pm 
Ol — ^ZrZ — CzU 


c\c O/i //C\ 
yo.34 (0) 


p»-l 7-0 ( ' 1 A 

\jj — ^ZrZ — C 1 0 


110 10 ^/i\ 

1 1Z.3Z (0 J 


( \ 1 7—1 pu 

<J1 — ZrZ — Clo 


on 00 {c\ 
oU. / / (O) 


pm 7-0 p 1 £ 
CZU — ZrZ — C 1 0 


11 0 0 PO\ 

3 l.oo (/J 


r\i 7,-1 p 1 n 

uj — zrz — ciy 


QO Q£ //i\ 

oz.yo (oj 


p. 1 7-0 l' ' 1 Q 

ui — ^zrz — ciy 


1 oq no (H\ 
IZo.UZ {/) 


Pin 7-1 p 1 n 

czu — zrz — c 1 y 


11 OC fH\ 

31.03 {/) 


p 1 /c 7—i p 1 n 

Clo — ZrZ — ciy 


CO A C ZO\ 

3Z.43 (/) 


Pil 7-0 P 1 C 

<J3 — ZrZ — C 1 j 


1 1 n o/: //^\ 
11U.OO (0) 


( \ 1 7—1 P 1 C 

Ol — ^ZrZ — Cl j 


ill 1 n 
131. 1U (0) 


Pin 7—i pi c 
CzU — ZrZ — C 1 j 


IOC 11 SH\ 

lz3.ll (/) 


p 1 r 7—1 P 1 C 

Clo — Zrz — Cl j 


1 1 n m /'o^ 

ny.y3 (7) 


C19— Zr2— C15 


95.10 (7) 


03— Zr2— C12 


87.40 (6) 


Ol— Zr2— C12 


92.48 (7) 


C20— Zr2— C12 


167.60 (7) 


C16— Zr2— C12 


159.76 (7) 
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o;c pn 7^1 

bij — CZZ — Zri 


i io in /n\ 
118. 3U (y) 


po,-i ni m 
CZ4 — CZi — CZZ 


1 An in /i n\ 

luy.zy (iy) 


PO/1 POI ^7-1 

CZ4 — CZi — Zri 


"71 /:o /1 ">\ 
/3.08 (12) 


czz — czi — zri 


71 on / i 1 \ 
/3.5U (11) 


PO A POI I m a 

CZ4 — CZi — hlZiA 


n? i 
125.1 


P0 1 I m a 

CZZ — CZi — hlZiA 


nf i 
125.1 


7-1 ni im a 
Zri — CZi — hlZiA 


n? i 
125.1 


n-i po/i nc 
CZi — CZ4 — CZj 


1 c\n /:n / 1 n\ 
1U /.OU (iy) 


PO O PO/1 7.-1 

CZi — CZ4 — Zri 


ha on /"1 ">\ 

/4.8y (12) 


f")c rf^O/l 7^1 

CZj — CZ4 — Zri 


7") "7T ^ 1 1 \ 

ii. /2(ii) 


PTI PO/1 II") 1 a 

CZi — CZ4 — riZ4A 


125.5 


ptc po,-i i n 1 a 
CZj — CZ4 — hlZ4A 


125.5 


~7 , .~) r^i a i n 1 a 
Zri — CZ4 — riZ4A 


125.5 


riTi PTC PO/1 

CZ 1 — CZj — CZ4 


1 no n/; / 1 n\ 
1U6.U0 (iy) 


ni nc 7,.i 
CZI — CZj — Zri 


1 A A£. /"1 1 \ 

/4.4o (11) 


PO/1 nc T—l 

CZ4 — CZj — Zri 


/5.33 (12) 


PTC UTC A 

CZI — CZj — HZjA 


125.4 


PO A PTC I nr a 

CZ4 — CZj — HZjA 


I TC A 

125.4 


Zri — CZj — HZjA 


125.4 


pin pi/; pn 

CiU — CZo — CZ / 


1 n"7 "7/; / 1 n\ 
1U /. lb (iy) 


pi (\ PO A 7-1 

CiU — CZo — Zri 


"71 £n ^ 1 1 \ 
/3.5U (11) 


PT7 pi/f 7-1 

CZ / — CZo — Zri 


HA QA t*\ ">\ 

/4.64 (12) 


PITA P0£ IT')/: A 

CiU — CZo — rlZoA 


125. / 


PT7 PO£ 111/ A 

CZ / — CZo — hlZoA 


125. / 


7—1 PT/T [ n/. A 

Zri — CZo — hlZoA 


1 £ "7 

125. / 


pto pn /•->/' 
CZo — CZ / — CZo 


1 n~7 "7/1 / 1 n\ 
1U /. /4 (iy) 


PTO p^n 7—1 

CZo — CZ / — Zri 


"71 £ "7 /I 1 \ 

/3.5 / (11) 


po<c pn 7—1 
CZo — CZ / — Zri 


"71 "7n / 1 ">\ 
li. /U (12) 


PTQ pon 1 1 ->"7 A 

CZo — CZ / — rlZ /A 


1 "> ^ 0 

125.5 


POiC PT7 UT7 A 

CZo — CZ / — hlZ /A 


1 "> c o 

125.5 


7—1 {^"IH un A 

Zri — CZ / — hlZ /A 


1 "> ^ o 

125.5 


PT7 poo p^n 

CZ / — CZo — CZy 


1 nn a i / 1 n\ 

iuy.43 (iy) 


PT7 pto 7—1 

CZ / — CZo — Zri 


"7C ">"7 /"1 ">\ 

/5.2/ (12) 


CZy — CZo — Zri 


71 ^1 ( \\\ 

li.ji (11) 


p^n pio ino A 

CZ / — CZo — hlZoA 


1 "> c n 
125. U 


P^fi POO I_IOQ A 

CZy — CZo — rlZoA 


1 "> ^ n 
125. U 


Zri — CZo — rlZoA 


125. U 


r^iQ no rin 
CZo — CZy — CiU 


1U5. /U (15) 


pto ptn oi<c 

czo — czy — bio 


1">/: i"> 
120.32 (lb) 


/^ia nn 
CiU — CZy — bio 


1 ">7 no /I /r\ 

12 /.ys (10) 


czo — czy — zri 


7/1 ^7 ^^ ^\ 
14. j /(ll) 


pTA p^n 7—1 

CiU — CZy — Zri 


71 n7 / 1 i \ 
/3.y/ (11) 


Qi/Z POA 7—1 

bio — CZy — Zri 


I 1 7 n 1 /n\ 

II /.ui (y) 


C26— C30— C29 


109.36 (19) 


C26— C30— Zr3 


75.14(12) 


C29— C30— Zr3 


74.01 (11) 


C26— C30— H30A 


125.0 


C29— C30— H30A 


125.0 


Zr3— C30— H30A 


125.0 



pm -7,0 pn 
Cly — ZrZ — C1Z 


nn ii /"7\ 

liy.zi (/) 


pi r 7^ pn 
C 1 j — ZrZ — C 1 Z 


O A*7 fl\ 

jZ.U/ (/) 


Ui — ZrZ — Cli 


I 1 1 A 1 f£\ 

II / .41 (o) 


u i — zrz — c i i 


/y.oi \b) 


ptpi pn 
CZU — ZrZ — C 1 i 


1 Cfl *7A /*7\ 

i jy. /u ( I) 


pir 7.0 pn 

C 1 o — ZrZ — c 1 i 


no 10 {H\ 

IZo.io {/) 


pm 7~"t pn 

Cly — ZrZ — Cli 


\ A A AO /*7\ 

144. yo ( 1) 


C 1 j — ZrZ — C 1 i 


cT ii (n\ 
DZ. 11 {/) 


pn v„o pn 
C1Z — ZrZ — Cli 


il.4Z (/) 


P»1 "7^^ p 1 A 

Ui — ZrZ — C14 


1 TC Cit. f£\ 

lij.yo (o ) 


P. 1 V,.~> P 1 /I 

UI — ZrZ — C14 


1 A 1 lO 

lUl.iZ (o) 


PTA V^T P 1 A 

CZU — ZrZ — C 1 4 


1 1 1 1 A /*7\ 

lii.lU ( /) 


PU "7,."> pi /| 

Clo — ZrZ — CI 4 


1 AA *7 1 /"7\ 

iuy./i (/) 


P 1 A 7 ,-~) P 1 /I 

Cly — ZrZ — C14 


111 O 1 /"7\ 

lli.ol (/) 


PK P 1 /I 

C 1 j — ZrZ — C 1 4 


i t a/: fn\ 
51. Uo (/) 


pn 7 p 1 /i 
C 1 Z — ZrZ — C 1 4 


CO £.Q /"7\ 

jZ.oo (/) 


P 1 1 P 1 /I 

C 1 i — ZrZ — C 1 4 


1 1 "7*7 

il. / / (o) 


p-q p n 

Ui — ZrZ — C 1 / 


1 n ai 
lii.yi (0) 


ui — zrz — d / 


QQ or f£\ 

yy.oo (o) 


P1A 7 pn 
CZU — ZrZ — CI / 


Di.ZZ (/) 


pir 7*.") pi 7 

Clo — ZrZ — CI / 


1 1 A*7 £\ 

ii.y/ (oj 


P 1 A 7*S) pn 

Cly — ZrZ — Cl / 


m <"7\ 

jz.yz (/) 


Cl j — ZrZ — Cl / 


QQ IT sn\ 

oo. li {/) 


p n 7 pn 
C1Z — ZrZ — Cl / 


1 ii z/z /n\ 
lii.DO ( 1) 


P 1 1 7 ,-~) PI 1 

C 1 i — ZrZ — C 1 / 


1 A*7 /I *7 /*7\ 
1U/.4/ (/) 


p 1 /i pn 
C14 — ZrZ — Cl / 


OA AC /n\ 
oU.yj (/) 


p,-> V—l P 1 1 

Ui — ZrZ — C 1 1 


Ol "71 

oi. /i (o) 


P. 1 7—1 P 1 1 

Ul — Zrz — Cl l 


1 T3 A*7 fn\ 

izi.y / (/) 


PTA V— 1 PI 1 

CZU — ZrZ — C 1 1 


1 1 o o a fn\ 
lio.o4 ( 1) 


PU v,.-v pi i 

Clo — ZrZ — Cl 1 


1 AC\ (H\ 

i4y.oo ( 1) 


P 1 A 7.-~) P 1 1 

Cly — ZrZ — Cl 1 


1 A*7 O A fl\ 

1U /.o4 ( 1) 


PK 7,0 pi i 

C 1 j — ZrZ — C 1 1 


11 A 1 /"7\ 

il.41 (/) 


p n 7 p i i 
C1Z — ZrZ — Cl 1 


11 A(\ /"7\ 

il.4y (/) 


P 1 1 7,.-> pi 1 

C 1 i — ZrZ — C 1 1 


CO AO /"7\ 

JZ.UZ (/) 


P 1 /I 7,. ~> pi 1 

C14 — ZrZ — Cl 1 


CO *7/i /"7\ 

jZ. /o (/) 


pn "7,-~> p 1 1 
C 1 / — ZrZ — C 1 1 


110 oa fn\ 
1 lo.oy {/) 


r\i 7^r> pio 
Ui — ZrZ — C 1 o 


111 A A f£\ 

ni.yy (o) 


p, 1 7,-1 p 1 Q 

ui — zrz — cio 


1 1A CO 

liU.jZ (0 ) 


PTA 7 ,-~) pi O 

CZU — ZrZ — C 1 o 


co oi fn\ 
jl.15 {/) 


PU 7 ,-~) PIO 

C 1 o — ZrZ — C 1 o 


CO AA ZO\ 

jZ.UU (/) 


P 1 A 7*S) PIO 

Cly — ZrZ — Clo 


il.io (/) 


pi f 7 ,-~) PIO 

C 1 j — ZrZ — C 1 o 


*7 A 1 A SH\ 

/4.14 (/) 


pn 7 p 1 o 
C1Z — ZrZ — Clo 


1 O/i 1 1 /"7\ 

IZo.li (/) 


pn 7 p 1 o 

C 1 i — Zrz — C 1 o 


1 1 C A/C /''7^ 

115.96 (7) 


C14— Zr2— C18 


84.20 (7) 


C17— Zr2— C18 


31.77 (7) 


Cll— Zr2— C18 


98.64 (7) 


02— Zr3— 03 


98.26 (6) 


02— Zr3— C25 


83.62 (6) 
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7—1 /~*1 V .-") 

zjl — Ol — Zr2 


142.22 (5) 


7— 1 /~V3 7.-1 

Zr2 — C>3 — zr3 


1/11 rir\ /"7\ 
142.UU ( /) 


7—0 /~V> 7—1 

Zr3 — C>2 — Zrl 


1/11 "71 t"7\ 

141. 1 i ( 1) 


c;i n^in u/i n a 
bl 1 — C4U — H4UA 


1 nn c 


c; 1 r^Ad u/inr> 
bl 1 — C4U — H4UB 


1 An c 


TJACi A P/in UdnD 

H4UA — C4U — H4UB 


1 nn c 


c; 1 r/in ij/i/ip 
31 1 — C4U — H4UC 


1 nn c 


u/in a r/in Tj/inp 
H4UA — C4U — H4UC 


1 nn c 


u/iod /~"/in ij/inr 1 
H4UB — C4U — H4UC 


1 nn c 


bio — C5U — H5UA 


1 nn c 


SID — C5U — H5UB 


1 nn c 


H5UA — C5U — H5UB 


1 nn c 

iuy.5 


bio — C50 — H50C 


ioy.5 


UCd A pen ITCAP 

H5UA — C5U — H5UC 


1 nn c 

iuy.5 


it/(id pen rjcfir 
H5UB — C5U — H5UC 


1 nn c 

iuy.5 


on z -1 /i /i tt/1/1 a 
Im3 — C44 — H44A 


ioy.5 


C^T l -1 /I /I TT/1/1TD 

bi3 — C44 — H44B 


ioy.5 


TJ A A A P/1/1 TJ A AT} 

H44A — C44 — H44B 


1 nn c 

iuy.5 


C;i A A TJ A A P 

bli — C44 H44C 


1 nn c 

iuy.5 


TJ A A A P/1/1 TJ A A P 

H44A — C44 — H44C 


1 nn c 

iuy.5 


TJ A /ID (~* A A TJ A A P 

H44B — C44 — H44C 


1 nn c 

iuy.5 


o; o P /II TJ A "> A 

all — C42 — H42A 


1 nn c 

iuy.5 


5>12 — C42 — H42B 


1 nn c 

iuy.5 


tjai a p/ii u<nD 
H42A — C42 — H42B 


1 nn c 

iuy.5 


on p /n iinr 1 

ai2 — C42 — H42C 


ioy.5 


tj a t a p/n u/np 
H42A — C42 — H42C 


1 nn c 

iuy.5 


u/iid P/lo u/np 
H42B — C42 — H42C 


1 nn c 

iuy.5 


o; 1 P/1 1 TJA 1 A 

5>1 1 — C4 1 — H4 1 A 


1 nn c 

iuy.5 


o; 1 P A 1 TJA 1 ID 

bll — C41 — H41B 


1 nn c 

iuy.5 


TJ A 1 A P/1 1 U/1 1 D 

H4 1 A — C4 1 — H4 1 ti 


1 nn c 

iuy.5 


C; 1 P/1 1 TJA 1 / ' 

bll — C41 — H41C 


1 nn c 

iuy.5 


TJA 1 A P/1 1 U/1 1 ( ' 

H4 1 A — C4 1 — H4 1 C 


1 nn c 

iuy.5 


U/1 1 ID P/1 1 U/1 1 i ' 

H4 1 D — C4 1 — H4 1 C 


1 nn c 

iuy.5 


o; /: rci uci a 
316 — C5 1 — Hi 1 A 


1 nn c 

iuy.5 


bl6 — L5 1 — Hi lis 


1 nn c 

iuy.5 


H51A — C51 — ho IB 


1 nn c 

iuy.5 


o; /: rci n;in 

bio — C51 — H31t 


1 nn c 

iuy.5 


tjc 1 a rci ucir 
HMA — CM — H51C 


1 nn c 

iuy.5 


uci d pel ucir 
HMD — CM — HMC 


1 nn c 

iuy.5 


C;i P/1C TJA C A 

bli — C45 — H45A 


1 nn c 

iuy.5 


c;i p/ic ijjcd 
ali — C45 — H45t> 


1 nn c 

iuy.5 


U/1C A P/1C U1CD 

H45A — C4_> — H45B 


1 nn c 

iuy.5 


iili — C45 — H45C 


1 nn c 

iuy.5 


H45A— C45— H45C 


109.5 


H45B— C45— H45C 


109.5 


Si2— C43— H43A 


109.5 


Si2— C43— H43B 


109.5 


H43A— C43— H43B 


109.5 


Si2— C43— H43C 


109.5 



r\i '7.-1 nc 


yi.Di (0) 


KJL — Zri — Cz 1 


1 1 1 1 1 ( £\ 
YYi.ii (0) 


r\i ni 


"70 i/; 
/S.io (d) 


D — ZD — CZ 1 


-J 1 Q 1 //T\ 

M.yi (oj 


OZ — ^Zri — CZ4 


oi n/; 
63. Uo (0) 


— Lx5 — CZ4 


1 1C /1 1 / 

123.43 (b) 


CZj — Zri — CZ4 


1 1 nc 

31. ys (/) 


poi -7,-0 

CZ 1 — Zri — CZ4 


O £1 //7\ 

32.04 ( / j 


OZ — Zri — C3U 


11/1 /i 0 //:\ 
1 14.46 (0) 


(J J — ^Zri — C3U 


1 on "7/1 { £\ 
ily. /4 (0) 


CZD — Zri — C3U 


1 tc /;n /"7\ 
125. OU ( /) 


PTI '7.-1 pin 

CZ1 — Zri — C3U 


11 /.3o (/) 


pi/i ~7 pin 

CZ4 — Zri — C 3 U 


n/; /;/: /"7\ 
yo.OD {/) 
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